ABSTRACT Spontaneous cerebrospinal fluid rhinorrhoea is a rare clinical entity. The accurate localisation of the leakage site is essential for surgical planning. Imaging techniques such as high-resolution computed tomography (CT), CT cisternography and magnetic resonance cisternography in variable combinations are performed for this purpose. This pictorial essay aims to present the spectrum of imaging findings in cases of spontaneous cerebrospinal fluid rhinorrhoea, which may be useful for radiologists in the determination of the site of cerebrospinal fluid leakage.
INTRODUCTION
Cerebrospinal fluid (CSF) rhinorrhoea occurs when there is communication between the intracranial subarachnoid space and nasal cavity or paranasal sinuses through osteodural defects at the base of the skull. CSF leaks can be classified according to aetiology, either as traumatic (accidental and iatrogenic) or nontraumatic. Nontraumatic CSF fistulas are further divided into high-pressure (associated with tumours or hydrocephalus) and normal-pressure leaks (associated with congenital anomalies). (1) As spontaneous CSF fistula is idiopathic and accounts for only 3%-4% of leaks, (2) it is considered a rare and separate entity from other nontraumatic causes.
A proposed theory of the cause of spontaneous CSF leaks is chronic pulsatile CSF forces exuding continual erosive action at the site of arachnoid granulations, forming small pits and defects in the inner table of the skull or sinus wall, eventually leading to osteodural fistulas and herniation of the brain tissue.
Regardless of the aetiology, localising the site of CSF leak is of utmost importance, as it would enable appropriate management of the leak to prevent further rhinorrhoea and complications, such as low-pressure headache, intracranial abscess and meningitis. Imaging plays an important role, not only to determine the site and size of the skull base defect, but also to exclude secondary causes (such as tumours and congenital lesions) and detect associated meningoencephaloceles. For defects in the cribriform plate, ethmoid roof or central sphenoid sinus, the endoscopic transnasal approach is used, while defects in the lateral recess of the sphenoid sinus may be repaired using the endoscopic transpterygoid approach. An external approach using osteoplastic flaps is used for frontal sinus leaks.
CLINICAL FE ATURES AND IMAGING
Spontaneous CSF rhinorrhoea is most commonly found in obese, middle-aged women. (1, 4) The condition is usually insidious in its onset, with profuse intermittent nasal CSF discharge, exacerbated by Valsalva manoeuvres. (1) Patients commonly present with headaches that may persist for months and even years. More importantly, there is a 4% risk of recurrent meningitis reported in cases of persistent CSF leak. A diagnosis of CSF rhinorrhoea can be confirmed by the presence of beta-2 transferrin, a protein highly specific for human CSF, in nasal secretions. 
HIGH -RESOLUTION CT
With the introduction of multidetector CT scanners, rapid continuous volumetric images can now be obtained in the axial plane, allowing for coronal and sagittal multiplanar reformats using the raw data without compromising image resolution. 
When related to the ethmoid sinus, the most common site of the fistula is along the cribriform plate or the course of the anterior ethmoid artery. (3, 8) Midline transsphenoidal fistulas are usually situated in the anteroinferior wall of the sella, which is both a zone of least resistance and an area most affected by the (c) Axial CT cisternography image shows a partially empty sella (arrow). At surgery, a well-defined, smooth defect was seen in the left cribriform plate and an arachnoid pouch was seen to herniate through the defect. The pouch was excised and the arachnoid membrane sutured, and finally, a dural graft was placed over the defect. 
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pulsatile action of arachnoid diverticulum. (3) When spontaneous CSF leak occurs at the sphenoid sinus, the associated findings on CT include extensive pneumatisation of the lateral recesses, outward concave orientation of the inferior portion of the lateral wall of the sphenoid sinus, arachnoid pits ( Fig. 3) and an empty sella. (9) An empty or partially empty sella is commonly associated with spontaneous CSF fistula (Fig. 4) . (4, 8) When spontaneous CSF rhinorrhoea is associated with an empty sella and sella enlargement, the sella floor is the most likely site of leak (Fig. 5 ).
(10) CTC allows for precise localisation of the bony defect, and is particularly useful in cases of multiple osseous defects with adjacent sinus opacification. (6) However, the diagnostic value of CTC is limited by the absence of an active CSF leak at the time of imaging. Previous studies have reported low sensitivities of 33% and 40% (7, 11) in the absence of an active CSF leak. Other limitations include a small defect size in which low-flow or small quantities of contrast leakage may not be detectable, and technical factors such as poor contrast opacification of the basilar cisterns.
Lumbar puncture for intrathecal contrast injection is also relatively contraindicated in patients with active meningitis or raised intracranial pressure.
MR CISTERNOGR APH Y
Herniation of intracranial structures through the skull base defect in spontaneous CSF rhinorrhoea is better evaluated with MRC due to its superior soft tissue resolution. The knowledge of herniation contents before endoscopic surgical grafting procedure is essential, as bone and cartilage grafts are used only in the presence of herniation of the brain or meninges. (12) MRC has a reported sensitivity of up to 92% and specificity of 100%. (5) Although MR imaging is limited by the lack of osseous details and its inability to detect small bony defects, it is noninvasive and can demonstrate CSF leak without the disadvantages of ionising radiation or lumbar puncture. Therefore, MRC complements HRCT in evaluating the contents of herniation when CT reveals the presence of an osteodural defect.
MRC is performed using standard head coils, heavily utilising T2-weighted, two-or three-dimensional techniques with fat suppression and multiple planes. This technique does not require intrathecal contrast injection or active CSF leakage. Preand post-gadolinium thin-section images help to differentiate mucosal thickening from meningocoele. (1) Positive findings in MRC include a contiguous, high T2-weighted signal CSF column communicating between the subarachnoid space and the sinus or nasal cavity via the skull base (Fig. 6 ), or herniation of brain parenchyma and/or meninges extracranially (Fig. 7) . There may be adjacent low-lying gyrus rectus, encephalomalacia secondary to traction and dural enhancement. 
The use of contrast-enhanced MRC derived from fat-saturated T1-weighted imaging post-intrathecal gadolinium injection has been shown to improve accuracy, especially with slow-flow CSF leaks. (14) Intrathecal injection of gadolinium demonstrates excellent differentiation between CSF-containing spaces and adjacent bone, as well as soft tissue and paranasal sinuses, resulting in high diagnostic sensitivity and low false-negative results. (15) Although several preliminary studies have shown that intrathecal gadolinium can be administered without major complications, it
has not yet received FDA approval for this purpose. (13, 15) 
CONCLUSION
In this era of transnasal endoscopic repair of skull base defect in CSF rhinorrhoea, imaging is of paramount importance in the preoperative evaluation and precise localisation of the osteodural defect. The awareness of the individual roles of plain HRCT, CTC and MRC, as well as accurate characterisation of the fistula with its associated findings in cases of spontaneous CSF rhinorrhoea, will not only facilitate surgical planning, but can also increase the chance of successful dural repair, thereby lessening the possibility of recurrent explorations.
